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(57) ABSTRACT 

A novel bacterial strain of Bacillus thuringiensis for inhibit 
ing insect pests is provided, wherein the Bacillus thuringien 
sis includes the fragments of cry1Aa, a cry1Ab, a cry 1C, a 
cry 1D and a cry 1F genes. 
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BACILLUS THURINGIENSIS STRAN FOR 
INHIBITING INSECT PESTS 

FIELD OF THE INVENTION 

The present invention relates to a novel microorganism of 
Bacillus thuringiensis. In particular, the present invention 
relates to a microorganism of Bacillus thuringiensis having 
fragments of cry1Aa, cry1Ab, cry 1C, cry1D and cry1F genes. 

BACKGROUND OF THE INVENTION 

Along with the respect to life quality and the rise of envi 
ronmental protection consciousness, at present, the trend that 
the biological insecticides are substituted for the traditional 
pesticides to prevent the ultimate accumulation in the food 
chain has become the mainstream, in which Bacillus thuring 
iensis is the most famous application in the biological insec 
ticides, and is easily utilized and safe. 

Bacillus thuringiensis, a Gram-positive rod bacterium, is 
an insectile pathogenic bacterium. B. thuringiensis will 
progress into the non-mitotic semi-stationary phase or differ 
entiate to form the spore or the insecticidal crystal protein 
while lacking nutrient or staying in the worse environment. 
The insecticidal crystal protein produced from B. thuringien 
sis can inhibit the growth of Some insect pests, but is not 
harmful to mammals and birds. Therefore, scientists have 
been isolated various insecticidal genes from B. thuringien 
sis, and developed as the recombinant genetic products. 

The endotoxin gene of B. thuringiensis is located on the 
plasmid thereof, so as to proceed the generic engineering 
easily. In the early stage, the recombinant endotoxin genes 
almost are limited in the cloning of single gene fragment. 
Recently, the multiple endotoxin genes or the genes with 
large diversities, even the chimeric genes, are utilized so as to 
improve the insecticidal effect, enlarge the insecticidal area or 
modify the resistance of B. thuringiensis to the worse envi 
rOnment. 
The parental relationships among various endotoxin pro 

teins of B. thuringiensis are different because of the insecti 
cidal crystal proteins produced from the divergent nucleotide 
sequences of plasmids thereof. The insecticidal targets also 
are different, which are classified as six groups (Hofte and 
Whiteley, 1989; Gillet al., 1992: Gleave et al., 1993; Lereclus 
et al., 1993: Shin et al., 1995; and Kostichka et al., 1996). 
Among these literatures, Cry 1 protein family has the insecti 
cidal effect to Lepidoptera: Cry2 protein family shows the 
insecticidal effect to Lepidoptera and Diptera, or only has the 
insecticidal effect to Diptera: Cry3 protein family has the 
insecticidal effect to Coleoptera; and Cry4 protein family 
only has the insecticidal effect to Diptera. Crys protein family 
cannot form as crystal protein, whereas Lepidoptera and 
Coleoptera can be killed by some part of Crys proteins but 
cannot be killed by other part thereof. CytA protein does not 
have specific insecticidal scope; however, the cytolytic and 
hemolytic effects can be induced by CytA protein. The cry1 
gene of B. thuringiensis encodes the longest amino acid 
sequence, but cytA gene thereof encodes the shortest one. 

U.S. Pat. Nos. 5,827.514 and 5,965,428 respectively dis 
close Cry1Ac and Cry1F chimeric proteins with different 
fragments for insecticidal function. U.S. Pat. No. 7,070,982 
further discloses the composite proteins of Cry1Ab, Cry1Ac 
and Cry1F. Taiwan Patent No. 224139 further discloses a 
single bacterial strain containing cry1Aa, cry1Ab, cry 1C and 
cry 1D gene fragments. From the abovementioned references, 
the insecticidal effect of the multiple endotoxin gene products 
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2 
is large better than the function of the single endotoxin gene 
product for antagonizing insect pests. 

Therefore, Scientists are still exploring the microorganism 
with multiple endotoxin genes isolated by generic engineer 
ing or isolated by natural selection. 

It is therefore attempted by the applicant to deal with the 
above situation encountered in the prior art. 

SUMMARY OF THE INVENTION 

In accordance with the first aspect of the present invention, 
an isolated microorganism of Bacillus thuringiensis for 
inhibiting an insect is provided. The microorganism includes 
fragments of a cry1Aa, a cry1Ab, a cry 1C, a cry1D and a 
cry 1F genes. 

Preferably, the isolated microorganism further includes a 
fragment of a cry1Ad1 gene. 

Preferably, the insect has an order of Lepidoptera and a 
family being one selected from a group consisting of Noctu 
idae, Pyralidae, Tortricidae and Plutellidae. 

Preferably, the family of Noctuidae includes a species 
being one selected from a group consisting of Spodoptera 
exigua, Spodoptera litura and Trichoplusia ni; the family of 
Pyralidae includes a species being one of Maruca vitrata, 
Ephestia cautella Walker; the family of Tortricidae includes a 
species of Adoxophyes orana; and the family of Plutellidae 
includes a species of Plutella xylostella. 

In accordance with the second aspect of the present inven 
tion, a pesticidal composition including Bacillus thuringien 
sis is provided. B. thuringiensis has fragments of a cry1Aa, a 
cry1Ab, a cry 1C, a cry1D and a cry1F genes. 

Preferably, the pesticidal composition further includes an 
effective dosage of an endotoxin, and the endotoxin further is 
a 6-endotoxin. 

Preferably, the pesticidal composition further includes a 
pharmaceutically acceptable carrier. 

Preferably, the endotoxin has at least a translated product 
of a cry1Ad1 gene, and the endotoxin is produced by Bacillus 
thuringiensis. 

Preferably, B. thuringiensis further includes a fragment of 
a cry1Ad1 gene. 

In accordance with the third aspect of the present invention, 
an inhibition method for an insect is provided. The inhibition 
method includes a step of applying Bacillus thuringiensis 
comprising fragments of a cry1Aa, a cry1Ab, a cry 1C, a 
cry 1D and a cry 1F genes on a specific target. 

Preferably, B. thuringiensis has an effective dosage for 
inhibiting the insect. 

Preferably, the specific target is one selected from a group 
consisting of a crop, a cultivated land and a combination 
thereof. 

In accordance with the fourth aspect of the present inven 
tion, an isolated microorganism of Bacillus thuringiensis 
having a DSM Accession No. 21764 is provided. 

Preferably, the isolated microorganism further has a func 
tion being one selected from a group consisting of inhibiting 
an insect, producing a metabolite for antagonizing the insect, 
and being a raw material of a composition for inhibiting the 
insect. 

Preferably, the metabolite is an endotoxin. 
The bacterial strain of Bacillus thuringiensis A603 was 

deposited in the Deutsche Sammlung Von Mikroorganismen 
und Zellkulturen (DSMZ) GmbH, Inhoffenstr. 7B, D-38124 
Braunschweig, Germany, on Aug. 21, 2008, under the rules of 
Budapest Treaty, and the deposit number was DSM 21764. 
The above objectives and advantages of the present inven 

tion will become more readily apparent to those ordinarily 
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skilled in the art after reviewing the following detailed 
descriptions and accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is the electrophoresis pattern showing the endotoxin 
gene types of B. thuringiensis A603 strain of the present 
invention, and the endotoxin genes thereof are amplified by 
PCR; 

FIG. 2 is the electrophoresis pattern showing the endotoxin 
proteins of B. thuringiensis A603 strain; 

FIG. 3 is the electrophoresis pattern showing cry1Ad1 
gene amplified by PCR; and 

FIG. 4 is the expression pattern of Cry1Ad1 protein 
induced with different concentrations of IPTG. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will now be described more specifi 
cally with reference to the following embodiments. It is to be 
noted that the following descriptions of preferred embodi 
ments of this invention are presented herein for purpose of 
illustration and description only; it is not intended to be 
exhaustive or to be limited to the precise form disclosed. 
A novel microorganism of Bacillus thuringiensis is pro 

vided in the present invention, and the bacterial Strain can 
inhibit the growth of insect pests. The following detail 
descriptions illustrate the source, purification and isolation, 
identification and inhibition effect to the targeted pests of B. 
thuringiensis. 

Sampling of Microorganism 

Dust sample is collected in the granary of Baohong Town 
ship Farmers’ Association in Yunlin County, Taiwan. Ten 
gram of each sample is collected and then is packaged in the 
plastic bag for reserving at 4°C. 

Isolation and Identification of Microorganism 

Each sample of 0.5 g is suspended and vortexed in 10 ml of 
distilled water, and each sample is isolated in accordance with 
the methods published in the literatures of Akiba and Katch 
(1986), Travers et al. (1987), Chak and Yang (1990), and 
Chilcott and Wigley (1993). The heat-treated suspended 
samples are sprayed on the nutrient agar (NA) plates. After 
the continuous incubation at 28°C. for five days, the isolation 
of single colony is performed. The nutrient agar plates are 
observed under the phase contrast microscope with the oil 
immersion lens with a magnification of 1,500x, for isolating 
the bacterial strain containing crystal protein and spore. The 
isolated bacterial strains are nominated respectively and 
reserved at 4°C. (Kao et al., 1996). 

Incubation of Microorganism 

Each of the nominated bacterial strains is suspended in 
distilled water, and is incubated on the nutrient agar plates by 
streaking method for three times, to isolate and identify the 
bacterial strain un-polluted. Each single colony is inoculated 
in 5 ml of Luria-Bertani (LB) broth (containing 1% of Bacto 
tryptone, 0.5% of Bacto-yeast extract and 1% of NaCl, pH 
7.0), and incubated overnight at 28° C. at 250 rpm. The 
incubated broth of 0.5 ml is sub-cultured at a ratio of 1:10 in 
the same condition for 3 hours. 
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4 
Identification of Bacterial Strain 

The sub-cultured bacterial strains are analyzed, and one of 
the bacterial strains is selected to nominated as B. thuringien 
sis A603, which is analyzed for the bacterial morphology and 
the follow-up experiments. 

Polymerase Chain Reaction (PCR) of DNA and 
Cloning of Plasmid 

The endotoxin gene types of B. thuringiensis A603 strain 
of the present invention are identified in accordance with the 
combinations of the endotoxin-specific primers published in 
Kalman et al. (1993). 

(1) Amplification of cry1Aa Gene Fragment 
The annealing reaction and amplification of PCR are per 

formed by the cry1 specific sequence as the reverse primer 
(i.e. SEQID NO. 1) and the cry1Aa specific sequence as the 
forward primer (i.e. SEQID NO. 2), to identify the existence 
of the cry1Aa gene fragment. 

(2) Amplification of cry1Ac Gene Fragment 
The annealing reaction and amplification of PCR are per 

formed by the cry1 specific sequence as the reverse primer 
(i.e. SEQID NO. 1) and the cry1Ac specific sequence as the 
forward primer (i.e. SEQID NO. 3), to identify the existence 
of the cry1Ac gene fragment. 

(3) Amplification of cry 1B Gene Fragment 
The annealing reaction and amplification of PCR are per 

formed by the cry1 specific sequence as the reverse primer 
(i.e. SEQ ID NO. 1) and the cry 1B specific sequence as the 
forward primer (i.e. SEQID NO. 4), to identify the existence 
of the cry1B gene fragment. 

(4) Amplification of cry 1C Gene Fragment 
The annealing reaction and amplification of PCR are per 

formed by the cry1 specific sequence as the reverse primer 
(i.e. SEQ ID NO. 1) and the cry 1C specific sequence as the 
forward primer (i.e. SEQID NO. 5), to identify the existence 
of the cry1C gene fragment. 

(5) Amplification of cry 1D Gene Fragment 
The annealing reaction and amplification of PCR are per 

formed by the cry1 specific sequence as the reverse primer 
(i.e. SEQID NO. 1) and the cry 1D specific sequence as the 
forward primer (i.e. SEQID NO. 6), to identify the existence 
of the cry1D gene fragment. 

(6) Amplification of cry 1E Gene Fragment 
The annealing reaction and amplification of PCR are per 

formed by the cry1 specific sequence as the reverse primer 
(i.e. SEQID NO. 1) and the cry1E specific sequence as the 
forward primer (i.e. SEQID NO. 7), to identify the existence 
of the cry1E gene fragment. 

(7) Amplification of cry 1F Gene Fragment 
The annealing reaction and amplification of PCR are per 

formed by the cry1 specific sequence as the reverse primer 
(i.e. SEQ ID NO. 1) and the cry 1F specific sequence as the 
forward primer (i.e. SEQID NO. 8), to identify the existence 
of the cry1F gene fragment. 

(8) Amplification of cry1Ab Gene Fragment 
The annealing reaction and amplification of PCR are per 

formed by the cry1Ab forward specific sequence as the for 
ward primer (i.e. SEQ ID NO. 9) and the cry1Ab reverse 
specific sequence as the reverse primer (i.e. SEQID NO. 10), 
to identify the existence of the cry1Ab gene fragment. 

(9) Full-Length Amplification of cry1Ad1 Gene and Clon 
ing of Plasmid 
The inventors further desire to obtain the cry1Ab gene 

fragment for the gene recombination experiment. The for 
ward primer (1A29A) (SEQ ID NO. 11): 5'-ttaacaccct 
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ggatccaaaattgatattt-3' (underlined is BamHI restriction 
enzyme site), and the reverse primer (1Ab37B1) (SEQ ID 
NO. 12): 5'-tttgcatgcatatattattecticcataagaagtaatt-3' (under 
lined is SphI restriction enzyme site) (Chen et al., 2006) are 
designed to perform the annealing reaction and amplification 5 
of PCR. An unexpected band different from the cry1Ab gene 
fragment shown on the electrophoresis pattern is founded. 

Therefore, the plasmid of B. thuringiensis A603 strain is 
being the template, and the full-length of the unexpected band 
is amplified by using SEQID NO. 11 and SEQID NO.12 as 10 
primers. The gene fragment of band is constructed into an 
intermediate pSC-A vector by StrataClone PCR Cloning Kit 
(Stratagen), then the full-length sequencing is performed by 
the large fragment nucleoside sequencing (i.e. primer walk 
ing). The sequencing result is analyzed and compared by 15 
computer, and the band is identified as cry1Ad1 gene and the 
full length is 3704 base pairs (bp). Accordingly, the expres 
sion plasmid is nominated as pSC-A-cry1Ad1. 

(10) Expression of Cry1Ad1 Protein 
cry1Ad1 gene is digested from pSC-A-cry1Ad1 plasmid 20 

by BamHI and SphI endonucleases, then is constructed into 
the expression vectorpOE82. Further, the expression plasmid 
pOE82-cryAd1 is transformed into Escherichia coli BL21 for 
further protein expression. 

Combinations of Endotoxin Genes in B. thuringiensis 25 
A603 Strain 

Please refer to FIG. 1, which is the electrophoresis pattern 
showing the endotoxin gene types of B. thuringiensis A603 
strain of the present invention, and the endotoxin genes 
thereof are amplified by PCR. According to Kalman et al. 30 
(1993), the lengths of the anticipated specific fragments of 
cry1Aa, cry1Ac, cry1B, cry1C, cry1D, cry1E, cry1F and 
cry1Ab genes respectively are 724, 487, 830, 288, 414, 883, 
368 and 238 bp. Therefore, B. thuringiensis A603 strain of the 
present invention includes multiple endotoxin fragments of 35 
cry1Aa, cry1Ab, cry 1C, cry 1D and cry1F genes in accor 
dance with the fragment lengths shown in FIG.1. In addition, 
the DNA ladder in FIG. 1 is abbreviated as “M”, and the unit 
of base pair is abbreviated as bp. 

Please refer to FIG. 2, which is the electrophoresis pattern 40 
showing the endotoxin proteins of B. thuringiensis A603 
strain. B. thuringiensis A603 Strain actually can express 
endotoxin protein, which has the molecular weight of 130 
kilodaltons (kDa), in accordance with the result shown in 
FIG. 2. Furthermore, the endotoxin protein expressed in B. 45 
thuringiensis A603 strain actually has inhibition activity on 
insect pests from the in vitro experiment of endotoxin activity 
(data not shown). In addition, the protein marker in FIG. 2 is 
abbreviated as “M”, and the unit is kilodalton (kDa). 

Please refer to FIG. 3, which is the electrophoresis pattern 50 
showing cry1Ad1 gene amplified by PCR. The full length of 
cry1Ad1 gene is 3704 bp, and the sequencing result is refer 
ring to SEQID NO. 13 in the sequence list. The DNA ladder 
in FIG. 3 is abbreviated as “M”, and the unit is kilo base pair 
(kb). The Cry1Ad1 expression pattern induced with different 55 
concentrations of isopropyl B-D-1-thiogalactopyranoside 
(IPTG) after the transformation of the expression plasmid 
into E. coli BL21 is shown in FIG. 4. Cry1Ad1 protein actu 
ally can be abundantly expressed. Further, endotoxin 
expressed by B. thuringiensis A603 strain actually has inhi- 60 
bition activity on insect pests from the in vitro experiment of 
endotoxin activity (data not shown). The protein marker in 
FIG. 4 is abbreviated as “M”, and the unit is kilodalton (kDa). 

Inhibition Activity of B. thuringiensis A603 to Targeted 
Insect Pests 65 
A composition with the insecticidal ability is further pro 

vided in the present invention, wherein the composition 

6 
includes a culture of the effective dosage of B. thuringiensis 
A603 and the acceptable carrier. Further, endotoxin is 
included in the culture. B. thuringiensis A603 or its mutant of 
the present invention is enriched by adapting industrial stan 
dard incubation method and fermentation. The fermented 
culture is tested to confirm the inhibition effect to the targeted 
insect pests. 

Embodiment 1 

Spodoptera exigua 

After B. thuringiensis A603 is enriched, five liters of the 
fermented culture is serially-diluted. Spodoptera exigua lar 
vae in the early third instars nymph are treated with different 
diluted concentrations of fermented culture continuously for 
120 hours by using feed mixture method. Twenty larvae are 
tested in each group, feed is renovated, and the observation is 
continued. The numbers of dead larvae before and after the 
treatment of B. thuringiensis A603 are recorded, and the 
mortality of S. exigua larvae is calculated. 

Please refer to Table 1, which is the inhibition activity of B. 
thuringiensis A603 fermented culture to S. exigua. B. thur 
ingiensis A603 actually has the lethal effect to S. exigua in 
accordance with the result in Table 1. 

TABLE 1 

Inhibition activity of B. thuringiensis A603 
fermented culture to Spodoptera exigua 

Dilution Rate No. of tested insects Mortality (%) 

Control (water) 2O O 
350 (-140 IU/mg) 2O 90 
700 (-700 IU/mg) 2O 95 
1400 (~35 IU/mg) 2O 8O 
2800 (-17.5 IU/mg) 2O 70 
5600 (-8.75 IU/mg) 2O 2O 

*Sample valence (IUmg) = (50% of lethal concentration (LCso) of Bta standard),(LCso of 
sample)x (sample valence of Bta standard (IUmg)). The tested insect is Trichopiussiani. 

Embodiment 2 

Spodoptera litura 

The preparation of the diluted fermented B. thuringiensis 
A603 cultures is identical with Embodiment 1. S. litura larvae 
in the early third instars nymph are treated with different 
diluted concentrations of fermented culture continuously for 
120 hours by using feed mixture method. Twenty larvae are 
tested in each group, feed is renovated, and the observation is 
continued. The growth results, such as weight of larvae and 
number of dead larvae, before and after the treatment of B. 
thuringiensis A603 are recorded. 

Please refer to Table 2, which is the inhibition activities of 
(A) the B. thuringiensis A603 fermented culture and (B) the 
commercialized product, DIPEL(R) (a microorganism of 
Bacillus thuringiensis var. kurstaki HD-1), respectively to S. 
litura. The average weight of S. litura larva before the treat 
ment is 0.0025 g. The average weight of larva before the 
treatment divided by that of larva after the treatment equals to 
the growth ratio. The average weight of control group minus 
that of treatment group equals to a difference of average 
weight, which divided by the average weight of control group 
equals to the inhibition rate (%). According to the result in 
Table 2, the growth ratio of larvae treated with B. thuringien 
Sis. A603 is less than that of larvae treated with DIPELR) under 
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the identical dilution rate. In the meantime, the inhibition rate 
of B. thuringiensis A603 to S. litura is also higher than that of 
DIPEL(R) to S. litura. Accordingly, B. thuringiensis A603 
actually has the inhibition ability to S. litura larvae. 

TABLE 2 

Inhibition activities of (A) the B. thuringiensis 
A603 fermented culture and (B) the commercialized product, 

DIPEL (B, respectively to S. litura. 

No. of Larva weight 
tested Mortality (g No. of Growth Inhibition 

Dilution rate larvae (%) larvae) ratio rate (%) 

(A) B. thuringiensis A603 

Control (water) 30 O O.O33 13.3 O 
350 (140 2O 75 O.OO2 O.96 93 
IU/mg) 
700 (-70 IU/mg) 2O 50 O.OOS 1.8 86 

(B) Commercialized product, DIPEL (R) 

Control (water) 30 O O.O33 13.3 O 
350 (140 IU/mg) 2O 65 O.OO)4 148 89 
700 (-70 IU/mg) 2O 50 O.OOS 1.83 86 

*Sample valence (IUmg) = (50% of lethal concentration (LCso) of Bta standard),(LCso of 
sample)x (sample valence of Bta standard (IUmg)). The tested insect is Trichopiussiani. 

Embodiment 3 

Maruca vitrata 

The preparation of the diluted fermented B. thuringiensis 
A603 cultures is identical with Embodiment 1. M. vitrata 
larvae in the early second and early third instars nymphs 
respectively are treated with different diluted concentrations 
offermented culture continuously for 120 hours by using feed 
mixture method. Five larvae are tested in each concentration, 
feed is not renovated, and the observation is continued. The 
number of dead larvae are recorded from 24th to 120th hours. 
From the distribution result of mortality in Table 3, almost 

50% inhibition ability of B. thuringiensis A603 to M. vitrata 
larvae is achieved after the larvae are treated with B. thuring 
iensis A603 for 96 hours and in the low treatment concentra 
tion. 

TABLE 3 

Mortality of B. thuringierisis A603 fermented culture to M. vitrata 

Concen- %) Mortality 

tration 24 Hr 48 Hr 72 Hir 96 Hr 120 Hr 

(ppm) 2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd 

60 O O 20 20 60 60 100 100 100 100 
30 O O O 20 40 40 100 80 100 8O 
15 O O O O 40 20 60 40 100 8O 
7.5 O O O O 20 20 60 40 8O 40 
3.75 O O O O 20 20 40 40 8O 40 

Control O O O O O O O O O O 
(water) 

*instar nymph 

Embodiment 4 

Ephestia cautella Walker 

The preparation of the diluted fermented B. thuringiensis 
A603 cultures is identical with Embodiment 1. E. cutella 
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8 
Walker larvae after hatching for 14 days are treated with 
different diluted concentrations offermented culture continu 
ously for 120 hours by using feed mixture method. Ten larvae 
are tested in each concentration, and each concentration is 
tested for triplet. Feed is not renovated, and the observation is 
continued. Further, the common commercialized product, 
Dipel(R), is tested simultaneously. The number of dead larvae 
after 120 hours is recorded. 

B. thuringiensis A603 has a better inhibition ability to E. 
cautella Walker than the commercialized product, Dipel(R), 
from the result of mortality in Table 4. 

TABLE 4 

Mortality of B. thuringiensis A603 
fermented product inhibiting E. Cautela Walker. 

Mortality (% 

Dilution Rate B. thuringiensis A603 Dipel (R) Control (CK) 

10 63 60 O 
1OO 57 40 O 

Embodiment 5 

Adoxophyes Orana 

The preparation of the diluted fermented B. thuringiensis 
A603 cultures is identical with Embodiment 1. A. Orana 
larvae in the early third instars nymph are treated with differ 
ent diluted concentrations of fermented culture continuously 
for 120 hours by using feed mixture method. Ten larvae are 
tested in each concentration, and each concentration is tested 
for triplet. Feed is not renovated, and the observation is con 
tinued. The number of dead larvae are recorded, and the 
mortality of larvae is calculated. 
From the result of mortality in Table 5, 50% inhibition 

ability of B. thuringiensis A603 to A. orana larvae is achieved 
after the larvae are treated with B. thuringiensis A603 for 144 
hours and in the low treatment concentration. 

TABLE 5 

Mortality of B. thuringiensis A603 
fermentative product to A. orana 

Concen 
tration of Mortality (90) after different treatment time 

treatment (ppm) 120 Hr 144 Hr 168 Hr 192Hr 216 Hr 

60 73 77 77 83 87 
30 67 67 67 70 77 
15 50 57 63 63 73 
7.5 60 67 67 67 73 
3.75 47 47 57 60 67 
1875 43 50 53 53 60 

Control O O O O O 
(water) 

Embodiment 6 

Plutella xylostella 

The preparation of the diluted fermented B. thuringiensis 
A603 cultures is identical with Embodiment 1. P. xylostella 
larvae in the early third instars nymph are treated with differ 
ent diluted concentrations of fermented culture continuously 
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for 72 hours by using feed mixture method. Ten larvae are 
tested in each concentration, and each concentration is tested 
for five repetitions. Feed is renovated, and the observation is 
continued. The number of dead larvae after 72-hour treatment 
are recorded, and the mortality of larvae is calculated. 

From the result of mortality in Table 5, B. thuringiensis 
A603 actually has inhibition ability to P. xylostella. 

TABLE 6 

Mortality of B. thuringiensis A603 
fermented product to F. xylostella. 

Concentration (ppm) Mortality (%) of Pxylostella 

40 98 
2O 84 
10 48 

Control (water) O 

Embodiment 7 

Trichoplusia ni 

The preparation of the diluted fermented B. thuringiensis 
A603 cultures is identical with Embodiment 1. T. nilarvae in 
the early second instars nymph are treated with different 
diluted concentrations of fermented culture continuously for 
72 hours by using feed mixture method. Ten larvae are tested 
in each concentration, and each concentration is tested for 
five repetitions. Feed is renovated, and the observation is 
continued. The number of dead larvae after 72-hour treatment 
are recorded, and the lethality of larvae is calculated. 

From the result of lethality in Table 7, B. thuringiensis 
A603 has better inhibition ability to T. ni larvae than the 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 13 

SEO ID NO 1 
LENGTH: 33 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: Primer 

<4 OOs SEQUENCE: 1 

at cactgagt cqctt cqcat gtttgactitt ct c 

SEO ID NO 2 
LENGTH: 28 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: Primer 

<4 OOs SEQUENCE: 2 

gagccaa.gca gctggagcag tttacacc 

SEO ID NO 3 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: Primer 

<4 OOs SEQUENCE: 3 
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commercialized products, XENTARIR) (a biological insecti 
cide of Bacillus thuringiensis, subsp. aizawai, Strain ABTS 
1857: Valent Bioscience Corp., IL, U.S.A.) and DIPEL(R). 

TABLE 7 

Lethality of B. thuringierisis A603 fermented product to T. ni larvae 

Lethality (% Concentration 

(ppm) B. thuringiensis A603 XENTARI (R) DIPEL (R) 

30 50 28 42 
15 34 2O 30 

Control (water) O O O 

In conclusion, the isolated Bacillus thuringiensis A603 of 
the present invention indeed is a novel bacterial strain of 
Bacillus thuringiensis, which contains endotoxin fragments 
of cry1Aa, cry1Ab, cry 1C, cry 1D, cry1F and cry1Ad1 genes. 
Further, the bacterial strain of B. thuringiensis has inhibition 
ability to the insect pests, such as Spodoptera exigua, 
Spodoptera litura, Trichoplusia ni, Maruca vitrata, Ephestia 
cautella Walker, Adoxophyes Orana and Plutella xylostella, 
etc. 

While the invention has been described in terms of what is 
presently considered to be the most practical and preferred 
Embodiments, it is to be understood that the invention needs 
not be limited to the disclosed Embodiments. On the contrary, 
it is intended to cover various modifications and similar 
arrangements included within the spirit and scope of the 
appended claims, which are to be accorded with the broadest 
interpretation so as to encompass all such modifications and 
similar structures. 

33 

28 
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t cact tcc catcgacatcta cc 

<210s, SEQ ID NO 4 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 4 

gtcaac citta tagt cacct gggctitc 

<210s, SEQ ID NO 5 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 5 

caacct citat ttggtgcagg titc 

<210s, SEQ ID NO 6 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 6 

ggtacattta gatatt caca gccac 

<210s, SEQ ID NO 7 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OO > SEQUENCE: 7 

Cttagggata aatgtag tac ag 

<210s, SEQ ID NO 8 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 8 

ccggtgaccc attaac attc caatc 

<210s, SEQ ID NO 9 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 9 

ggtcgtggct at atcCtt cq t t cacagc 

<210s, SEQ ID NO 10 
&211s LENGTH: 23 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

US 8,338,160 B2 
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- Continued 

22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 10 

gaattgctitt cataggct co gtc 23 

<210s, SEQ ID NO 11 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 11 

ttaa.caccct ggat.ccaaaa ttgat attt 29 

<210s, SEQ ID NO 12 
&211s LENGTH: 37 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 12 

tittgcatgca tatatt attc ctic cataaga agtaatt 37 

<210s, SEQ ID NO 13 
&211s LENGTH: 3704 
&212s. TYPE: DNA 

<213> ORGANISM: Bacillus thuringiensis 

<4 OOs, SEQUENCE: 13 

ttaa.caccct ggat.ccaaaa ttgat attta gtaaatt cqg ttgcactittg td tatattitt 6 O 

catalagatga gtcatatgta ttaaactgtg gtgaaaaaca gcaa.catagt ataagaactt 12 O 

ttgt attt ca ataaaaaatg gagg tattitt atggagataa togaataatca gaatcaatgc 18O 

gttccittata actgtttgaa tdatc.cgaca attgaaatat tagaaggaga aagaatagaa 24 O 

actggittaca ccc caataga tattt cottgtc.gctaacgc aatttctgtt gag tdaattit 3OO 

gtcc cacgtg Ctgggtttgt attaggttta attgatttaa tatgggggitt ttgggit coc 360 

t ct caatggg atgcatttct tdtgcaaatt gaacagttaa ttalaccaaag aatagaggaa 42O 

titcgctagga accaa.gcaat ttctagatta gaagggctaa gcaac ctitta t caaatttac 48O 

gCagaa.gctt ttagagagtg ggaag cagat cct actaatc Cagcattaac agaagagatg 54 O 

cg tatt cagt toaatgacat gaacagtgct cittacaa.ccg ctatt cotct ttttacagtt 6OO 

caaaattatc aagtacct ct tctat cagta tatgttcaag ctgcaaattt acatttatcg 660 

gttittgagag atgttt cagt gtttggacala C9ttggggat ttgatgtagc aacaatcaat 72 O 

agtc.gittata atgatttaac taggct tatt ggcaccitata cagattatgc tigtacgctgg 78O 

tataatacgg gattagaacg tdt atgggga ccggatticta gagattgggit alaggtataat 84 O 

caatttagaa gagagctaac actaactgta ttagatat cq ttt citctgtt cocqaactat 9 OO 

gatagtagaa cqtatic caat t cqaacagtt toccaattaa citagagaaat ttatacaaac 96.O 

Ccagtattag aaaattittga tigg tagttitt C9tggaatgg Ctcagagaat agaacagaat 1 O2O 

attaggcaac cacatctitat gigatctoctit aatagtataa ccatttatac tdatgtgcat 108 O 

agaggctitta attattggtc aggacatcaa atalacagctt CtcCtgtcgg ttittgcgggg 114 O 

ccagaattta cittitt.cctag atatggaacc atgggaaatig citgct coacc cqtactgat c 12 OO 

t caact actg gtttggggat ttittagaa.ca ttatctt cac ct citttacag aagaattata 126 O 
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- Continued 

ggatatgggg attacacgcc act accagct ggittatgtga caaaagaatt agagtacttic 

ccagaalaccg atalagg tatggattgagatc ggggaaacgg aaggalacatt catcgtggat 

agcgtggaat tacttctt at ggaggaataa tatatgcatg caaa 

What is claimed is: 
1. An isolated microorganism of Bacillus thuringiensis for 

inhibiting an insect, wherein the microorganism comprises a 
cry1Aa, a cry1Ab, a cry 1C, a cry 1D, a cry1Ad1 and a cry 1F 
genes. 

2. The isolated microorganism according to claim 1, 
wherein the insect has an order of Lepidoptera and a family 
being one selected from a group consisting of Noctuidae, 
Pyralidae, Tortricidae and Plutellidae. 

3. The isolated microorganism according to claim 2, 
wherein the insect having the family of Noctuidae comprises 
a species being one selected from a group consisting of 
Spodoptera exigua, Spodoptera litura and Trichoplusia ni. 

4. The isolated microorganism according to claim 2, 
wherein the insect having the family of Pyralidae comprises a 
species being one of Maruca vitrata, Ephestia cautella 
Walker. 

5. The isolated microorganism according to claim 2, 
wherein the insect having the family of Tortricidae comprises 
a species of Adoxophyes Orana. 

6. The isolated microorganism according to claim 2, 
wherein the insect having the family of Plutellidae comprises 
a species of Plutella xylostella. 

7. A pesticidal composition comprising Bacillus thuring 
iensis having a cry1Aa, a cry1Ab, a cry 1C, a cry 1D, a 
cry1Ad1 and a cry1F genes. 

8. The pesticidal composition according to claim 7 further 
comprising an effective dosage of an endotoxin. 
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9. The pesticidal composition according to claim 8 further 
comprising a pharmaceutically acceptable carrier. 

10. The pesticidal composition according to claim 8. 
wherein the endotoxin is a 6-endotoxin. 

11. The pesticidal composition according to claim 8. 
wherein the endotoxin has at least a translated product of the 
cry1Ad1 gene. 

12. The pesticidal composition according to claim 8. 
wherein the endotoxin is produced by Bacillus thuringiensis. 

13. An inhibition method for an insect, comprising a step 
of: 

applying Bacillus thuringiensis comprising a cry1Aa, a 
cry1Ab, a cry 1C, a cry 1D, a cry1Ad1 and a cry 1F genes 
on a specific target, wherein the Bacillus thuringiensis 
has an effective dosage for inhibiting the insect. 

14. The inhibition method according to claim 13, wherein 
the specific target is one selected from a group consisting of a 
crop, a cultivated land and a combination thereof. 

15. An isolated microorganism of Bacillus thuringiensis 
having a DSM Accession No. 21764. 

16. The isolated microorganism according to claim 15 
further having a function being one selected from a group 
consisting of inhibiting an insect, producing a metabolite for 
antagonizing the insect, and being a raw material of a com 
position for inhibiting the insect. 

17. The isolated microorganism according to claim 16, 
wherein the metabolite is an endotoxin. 

k k k k k 


